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Chapter One: Off-Grid Solar System: How They 
Work 


A home with off-grid solar is energy self-sufficient. All power comes from 
on-site solar panels and battery storage; there are no connections to the 
electric grid. 


In this section, we'll explain everything about off-grid solar system and how 
it powers a family home. 


Let's start with the morning 
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Although the sun isn't at full strength yet, the solar array should still 
generate enough power to meet the home's needs. This is possible in off- 
grid homes where residents are careful with their electricity usage and avoid 
installing appliances that use too much power or using too many at the same 
time. 
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At midday, the sun is high in the sky, so the solar panels hit their maximum 
output. This is also when energy needs are lowest, as most family members 
are out. Surplus energy is sent to charge the batteries; this is also a good 
time to operate energy hungry appliances, such as an AC or washing 
machine. 


In the afternoon, the sun moves lower in the sky so the solar panel output 
starts to fall. However, the solar panels will still produce more power than 
needed. If the batteries aren't full yet, the extra power will be used to bring 
them up to 100%. 


On to the evening: With the setting of the sun, solar panel output falls to 
zero. This is also when power usage spikes as family members return home 
and fire up electrical appliances. To meet this demand, lots of power will be 
drawn from the batteries. 


Evening 
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At night, the solar cycle is complete. No solar power will be generated until 
the following morning. Till then, all night-time energy needs will be met by 
the batteries. 
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This won't be a problem for a well-designed off-grid system. It should be 
able to store enough electricity to last 2-3 days without much sun. Of 
course, keeping ample backup power in reserve requires a lot of battery 
capacity and a higher number of solar panels to charge them. This makes 
off-grid systems expensive compared to simple grid-connect solar systems, 
or even solar plus storage systems that can use the grid as a backup. This 
expense is the reason very few people install completely off-grid systems 
unless they live in remote areas where there is no utility grid to connect to. 


What it’s like to Live Off-Grid Using Solar Energy 


What does it mean to be off-grid? 


Off-grid means that there is no connection to utility; you make 100% of 

your power. I’ve been living off-grid since 2007, so I have many years of 
experience living off-grid. 
I can tell you from my experience that i designed and built my house 
specifically to be off-grid, so the amount of energy that we use at our house 
is significantly less than what the average American house uses. For 
example; i use about 1,500 kilowatt hours per year and an average 
American uses about 8,000 kilowatt hours per year. 


When you're thinking of taking your house that is connected to a utility and 
making it off-grid, meaning disconnecting the interconnection with the 
utility, there's a lot to consider. First; 

How much energy do you use? Most houses use a lot of energy, if you're 
using the average American’s house worth of energy every year then there's 
going to be a considerable expense involved in taking your house off grid. 


When you're living off grid, you're your own utility. This means that 
whenever your system breaks, you either have to fix it yourself or you have 
to wait for your solar installer to come out and fix the system for you and 
depending on the kind of solar installer you're working with, there may or 
may not be people you can call to repair your system which may mean that 
you will be out of power for some amount of time with no backup. 


So living off grid can be a lifestyle choice, it takes a little more active 
involvement in your energy generation than you do when you are connected 
to the utility. So when thinking about being off grid, you really have to 
think about energy efficient appliances, lighting etc. you should have the 
lowest amount of energy use that you can because the less energy you use, 
the less energy you have to generate. 


Anyone is capable of going off grid, it's just a matter of how much cost you 
want to put into the system. When you're living off grid, you're generating 
all of your own power, so most off-grid systems have some renewable 
source of energy generation and that's typically a solar array. The solar 
array can provide a large portion of your energy use but you're going to 
need some type of energy storage to store the energy that's generated during 
the day so you can power your loads at night. What typically happens is; 
your solar array generates power during the day and it's going to power the 
appliances in your house but it's also going to be big enough to recharge the 
batteries during the day. When the sun goes down at night, obviously the 
solar panels aren't making power anymore so you rely on the energy stored 
in the batteries to power the house. 


Now depending on where you live, the PV array (solar panel system) might 
not be able to generate enough power during the day to cover all your loads 
at night. I live off grid in Vermont and during the summer time; i make 
plenty of power to recharge my batteries and power my loads during the 


day but in the winter time, i don't make enough energy from the PV array to 
cover all my energy use in the house. So i have another generator, in this 
case it's a fossil fuel generator and i try to reduce the use of that as much as 
possible so i don't have to use a lot of fossil fuel but without oversizing my 
PV array dramatically, i still rely on that fossil fuel generator to make up the 
amount of energy that the PV can't generate during the winter time. 


You can also add other types of renewable energy resources like a wind 
turbine or a hydro generator but having those resources is really site 
specific, so not everybody has access to those resources. 


We can oversize the PV array to cover most of our loads in the winter time 
but it's usually a good idea to have some sort of fossil fuel generator for the 
times where you get a long snowstorm or a period of cloudy weather where 
the PV or the solar array can't cover all of our demands. 


A lot of people wonder; what's it like living off grid and what are some of 
the issues that we can run into. When I get this question, I simply tell 
people that living off-grid is simple but also difficult at the same time. So 
let’s look at the challenges and advantages that come with living off-grid; 


Challenges of living off-grid 
e Building water, energy and waste system is costly 
e High cost of maintenance 
e Fewer conveniences given by the modern society 
e It might be difficult to get used to the conservative lifestyle 
e You'll always have work to do 
e Building of an off-grid home never finishes 


Advantages 


e Amore earth friendly life pattern 


e Less expensive in the long run 
e A healthy way of living 

e Living in nature 

e You'll be self sufficient 


The above points is a general sample of the advantages and disadvantages 
of off-grid living. Individuals who decide to live off-grid will have their 
own individual advantages or disadvantages which they’ |l get to find out by 
themselves. 


For example; an individual who buys a solar panel and pays someone to 
help them install it will have a high cost which will be considered a 
disadvantage. But this same individual will have a fully functional system 
as quickly as he wanted which will be considered an advantage. 


Another individual who decides to build his energy system himself will 
probably incur low cost which is an advantage. But it will a long time for 
the system to become fully functional which is a disadvantage. 


Your advantage and disadvantage may be different from the advantages and 
disadvantages of other people. 


Mindset 


I have come to know that having a positive mindset is much better than 
trying to figure out all the advantages and disadvantages of living off-grid. 
Some positive mindsets to develop are; 


e Patience 
e Planning 
e Stoicism 


e Pragmatism 


And much more 


Questions to ask yourself; 
1. Do I like learning new skills? 

The more skillful you’re, the more money you’ll be able to save. 
2. Are you comfortable working hard every day? 


You’ll always have things to do in an off-grid home. There will always be 
things to fix, build or maintain. 


3. Do I have the needed skills for growing and hunting for food and 
preserving it for winter? 


Learning and having this skill is an essential part of off-grid living 
4. Can I survive discomfort? 


You’ll always find yourself in uncomfortable situations when living off- 
grid. 


5. Can I plan ahead? 


It is paramount that you will be able to plan ahead logistically when you’re 
building an off-grid home. 


6. Can i be patient when things are not working? 
Things might take longer than you anticipate. 
7. Do you have first aid skills? 


Most injury gotten in an off-grid home can be taken care of with a proper 
knowledge of first aid skill. 


8. Can I dedicate most of my time to energy, food and housing? 


Off-grid living requires a huge amount of time. 
9. Can I handle emergency? 


Living off-grid comes with a lot of emergency situations, when the time for 
that comes, will you be able to remain calm and make good decisions? 


The more yes answers you have for the above questions, the more suitable 
you’re to an off-grid lifestyle. 


Chapter Two: Battery Basics 


BATTERY BASICS 


In this section, we'll be talking about the voltage and capacity computation 
when we connect batteries in series and parallel. What is a battery? 
According to Wikipedia, a battery is a device consisting of one or more 
electrochemical cells with external connections for powering electrical 
devices such as flashlights mobile phones and electric cars. 
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Very common chemicals using batteries would be the nickel cadmium, 
mercury, turbine, zinc; there are quite a lot of chemicals that uses batteries. 


What Are The Common Types Of Batteries? 


TYPES OF BATTERIES 


e Alkaline (Common AA, AAA batteries) 

* Carbon Zinc (Common AA, AAA batteries) 

è Lithium-lon (Mobile phones, walkie talkies, solar power systems) 

° Lead Acid (Car battery, solar power systems, back-up for critical systems) 
e Nickel Cadmium (Power tools, Laptops) 


* And a lot more! 


The above image contains the major types of batteries available. 

We have the ‘alkaline’ which is very common; it’s a double A or AAA 
batteries that we use at home, we mainly use them for powering up some 
common household items such as; flashlights, toys, remote controllers etc. 
We also have the carbon zinc which is also another common type of battery 
found in inside our homes. 

We also have the lithium-ion which we usually use in our mobile phones, 
walking talkies and solar power systems. 

After that is the lead acid which is quite popular as a car battery, it can also 
be used for solar power systems and also for backup of critical systems such 
as; public address and general alarm systems. 

Next one is the nickel cadmium which is commonly used in power tools 
and laptops and of course there will be a lot of different types of batteries 
out there. 


Battery Configuration 


BATTERY CONFIGURATIONS 


° Series 
e Voltage is additive 


* Capacity (Ah) is constant 


There are two common battery configurations; 


e Series and 
e Parallel 


For a battery connected series, the voltage would be additive while the 
Capacity is constant. 

For a battery connected in parallel, the capacity is additive while the voltage 
will remain the same. 


What Is Capacity? 


***® Capacity (Ah) is the amount of energy charge stored in a battery. 


In simple terms, 1Ah means that the battery has enough energy charge that allows it to output a 


constant current of 1 ampere over a time period of 1 hour. 


Capacity is measured in ampere hour, although the unit of capacity is 
ampere hour. It is simply the amount of energy charge stored in a battery. 
For example; if we have a battery with the capacity of 1 ampere hour, this 
means that it has the capacity to output the constant current of 1 ampere for 
a period of one hour. 


Battery in Series 


We have said that the voltage for batteries in series is additive and the 
capacity is constant or battery is connected in series. 
For example; 


BATTERIES IN SERIES 


° Series 
e Voltage is additive 


e Capacity is constant 


V,=12V 
Capacity = 250 Ah 


The battery above has a voltage rating of 12 volts, so that's the voltage 
measured across the positive and negative terminals of the battery and a 


capacity of 250 ampere hours. For example, if we connect two of these 
batteries in series, as we have said the voltage is additive so that's 10 volts 
plus 12 volts and we have 24 volts output. The capacity will remain 
constant at 250 ampere hour. If we connect another battery in series and this 
gives us three 12 volt batteries which gives us a voltage out of 36 volts with 
the capacity still at 250 ampere hour and if you connect another one in 
series, so that's four 12 volt batteries connected in series and that gives us a 
voltage output of 48 volts with the same capacity of 250 ampere hours. 


BATTERIES IN SERIES 


V=12V 


° Series 
Capacity = 250 Ah 


e Voltage is additive 


e Capacity is constant V=24V 


Capacity = 250 Ah 


V=36V 

Capacity = 250 Ah 
Vp=12V 
Capacity = 250 Ah 


V=48V 
Capacity = 250 Ah 


Let’s talk about batteries in parallel; 
Batteries in Parallel 
We said earlier that the capacity for batteries connected in parallel will be 


additive and voltage is constant. Let’s take one of the configurations for the 
batteries in series for this example; 


BATTERIES IN PARALLEL A 
Eiai = 250 Ah 
° Parallel 
* Capacity (Ah) is additive 


e Voltage is constant 


V,=12V 
Capacity = 250 Ah 


So we have we have in the image above a string of four batteries in series, 
the voltage output of 48 volts and a capacity of 250 ampere hours. Suppose 
we connect another four strings in parallel, this gives us the same voltage at 
48 volts but the capacity will double at 500 ampere hours. So that is the 
standard 250 ampere hour plus 250 ampere hour which will give us 500 
ampere hour capacity. 

And if we add another string of battery, this will give us the same voltage 
output of 48 volt and the capacity of 750 ampere hour. So that's 3 times 250 
ampere hour and if we connect another string in parallel, this will give us 
the same voltage at 48volt but the capacity will increase by 250 ampere 
hour, so that will give us a capacity for this whole configuration of 1000 
ampere hour. 


BATTERIES IN PARALLEL 


V=48V 
Capacity = 1000 Ah 


° Parallel 
* Capacity (Ah) is additive 


e Voltage is constant 


V,=12V 
Capacity = 250 Ah 


Chapter Three: Introduction to Solar Power 
System 
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SOLAR POWER SYSTEM 


Basic Design and Calculations for Residential Spaces 


In this section, we’ll be looking at the basics of solar power including how 
to design your own solar power system. If you are someone who wants to 
know more about solar power systems then this book is for you. 


Basic Design and Calculations for Residential Spaces 


How much power is in the Sun? According to UTIA’s website, the Sun 
releases an estimated 3.846*10 to the 26th watts of energy. That is 
384,600,000,000,000,000,000,000,000 watts. 
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Solar Power 


According to UTIA’s website, the Sun releases an 
estimated 3.846 x 1076 watts of energy. 


©: WY” That's 384,600,000,000,000,000,000,000,000 watts! 


Compare that to an incandescent bulb which uses only 60 watts of power, 
so that's quite a lot of power that's in the Sun! 


At the Earth's surface, the solar energy density is approximately around 
1,000 watts per square meter. So imagine this; if you have a roof area of 
about 50 square meters and 4 hours of sun exposure, the amount of energy 
received by your roof is around 200,000 watts or 200 kilowatts. This value 
was gotten like this; 


1,000 w/m*50m*4 hours= 200,000 watts 


For an average household, this is already equivalent to half of your monthly 
power consumption harvested in just a few hours but please note that in this 
example we have not factored in the efficiency of our solar panels, the 
efficiency would be around 15% to 20%. 


The world currently consumes around 15 terawatts of power from a 
combination of energy sources. To put this into perspective, 1 terawatt 
would be equivalent to 10 billion incandescent bulbs rated at 100w each. 
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World Energy Consumption 


Currently, the world’s population 
consumes 15 Terawatts of power from 
a combination of energy sources. 
[Source: The Economist] 


To put that into perspective: 

1 Terawatt = 1,000 Gigawatts 

1 Gigawatt = 1,000 Megawatts 
1 Megawatt = 1,000 Kilowatts 

1 Kilowatt = 1,000 Watts 


1 Terawatt = 1,000,000,000,000 Watts 
That's 10 Billion incandescent bulbs 
rated at 100W each! 


According to a study done in 2017, crude oil is still the primary source of 
energy used by the world's population followed by coal then natural gas 
then followed by traditional biofuels then the renewable energy sources are 
at the button. See the graph below 
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World Energy Source 


Global Primary Energy 


Source: Vaclav Smil (2017) and BP Statistical Review of World Energy 


You can see that our renewable are still far behind the traditional sources of 
power. To have a clear view of the amount of gap between the crude oil and 
the solar power, let’s modify the graph (the green line is the crude oil and 
the blue line is the solar power) 
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World Energy Source 


Global Primary Energy 
urce: Vaclav Smä (2017) and BP Statistical Review of World Energy 


You can that the gap between the two of them is really big. 


How Big Is The Potential Of Solar Energy In Solving The 
World's Energy Problem? 
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Solar Power Potential 


: Why go solar? 
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Just look at this picture above, the world energy consumption is the one in 
the middle at 16 terawatts; the wind power can provide around 25 to 70 
terawatts of power. The traditional sources of power would be; 


The coal 
Uranium 
Oil 


Natural gas 


These are non-renewable traditional sources of power, the renewables 


include; 


Tidal 

Wave 

Geo thermal 
Hydro 


Bio mass 


The solar power would be the big yellow semicircle beneath in the image. 
So we can clearly see that the solar power has a potential of producing 
around 23,000 terawatts of power, that's really quite a huge amount 
compared to our consumption which is only 16 terawatts. 


Why Do We Need To Switch To Solar? 


As you can clearly see in the photo, solar power has the potential 
to meet and even exceed the world's energy requirement. 


It is unlimited as long as the sun is shining 
It is safe 

It’s a clean energy 

It is free 


It doesn't cost much to maintain 


We have seen the advantages of using solar power; now let’s look at the 
disadvantages of using solar power. 


Disadvantages of Solar Power System 


e It has a high initial cost ; you'll probably spend a large sum of 
money for a new installation. In the US, the average ROI or 
return on investment for a solar power system is around 8 years 
but note that the lifespan of a solar panel is around 20 years with 
some reportedly to be still in operation after 30 years. 


e Solar power is dependent on the weather ; there will be times 
when the sky is covered with clouds and the harvested solar 
power is decreased significantly. 


e Solar energy storage is expensive ; the lifespan of a battery is 
short and will need to be replaced every three to five years. 


With the advancement of Technology in solar panels and batteries, we 
expect the price of building a solar power system to go down. Through the 
years, we have seen their prices fall and they will still continue to fall in the 
future as companies find ways to lower the cost of production, increase 
production efficiency and discover new technologies. 


How Do Solar Panels Convert Solar Energy To Electrical 
Energy? 


Simply put it this way; when a photon of sunlight knocks an electron free, 
it creates enough potential to allow the electrons to flow thus a current is 
created. 


Types of Solar PV Panel 


There are basically two types of solar panel using home installations; 


e The monocrystalline 


e The polycrystalline panels 


Monocrystalline Polycrystalline 


Made from single crystal silicon Made from silicon fragments melted 
together 
Darker Color (Black) Lighter Color (Bluish) 
Efficiency is in the range of 15% to 20% Efficiency is between 14% to 16% 
Longer Life Span (~ 25 years) *** Shorter Life Span *** 
Expensive Cheaper 


<= Solar PV panels can still work [with degraded efficiency) beyond their expected lifespans. Efficiency ~ 80% 


There are other types as well but we’ ll just talk about this two. 


Monocrystalline panel has higher efficiency which is around 15% to 20% 
compared to the polycrystalline panel which is in the range of 14% to 16%. 
Because of this, the mono panels are more expensive than the poly panels 
but due to the advancement in solar panels technology, we can now see 


some polycrystalline panels that can match the efficiency of the 
monocrystalline panels. 


One distinct difference between the mono and poly panel is that mono 
panels are darker in shade and the polycrystalline panel is lighter. 


Equipment Needed To Install a Solar Panel 


In installing a solar power system, you don't just need a solar panel we also 
need other equipment such as; 


e Inverter 
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Other Equipment 


SOLAX 


Inverter 


Converts the DC 
output from the solar 
PV panels or batteries 
to AC. 


The inverter converts DC output of the solar panels to AC to be used by the 
common home appliances. 


e Solar charger 


Solar Charge Controller 


Manages the charging of the 
battery bank. It controls the 
rate at which the batteries are 
charged and prevents 
overcharging. 


The solar charger manages the charging of the battery bank, it controls the 
rate which the batteries are charged and prevents overcharging. 


e Battery bank 
TE 


TESLA 


Battery 


Energy storage 


The battery bank is basically an energy storage device. 


e Cables, connectors, mounting bracket and other safety devices 
such as surge protection devices 


a 
uS Solar Panel Mounting Bracket, 
Cable, and Wiring Accessories 


Chapter Four: Explanation of Basic Solar Power 
Electrical Equations 


Batteries in Parallel Batteries in Series 
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100 amp hour 


The first example we are going to look at is two 6 volt batteries in series 
versus parallel and how the voltage and amp power rating will change 
depending on how you wire them. If we have two 6 volt batteries and they 
are rated for 100 amp hours each and we wire them in series, what will 
happen is that the voltage will go up but the amp hours will stay the same. 


Batteries in Series 


When Connected in Series, 
these batteries create 
12 volts, 100 amp hours 


So for two 6 volt 100 amp hour batteries in series, you will actually have a 
12 volt 100 amp hour battery but if instead you were to wire them in 
parallel, something will change. The voltage will stay the same but the amp 
hours will increase. 


Batteries in Parallel g 
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6 volt 
100 amp hour 


6 vok 
100 amp hour 


So let's take those two 6 volt batteries in the previous example and wire 
them in parallel. Now we will have a 6 volt battery but at 200 amp hours, 
the voltage stays the same and the amp hours will go up in a parallel 
connection. 


Batteries in Parallel «~ 


6 volt 
100 amp hour 
When Connected in Parallel, = 
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Rating the Capacity of Batteries 


Next example is rating the capacity of batteries, you cannot use amp power 
rating you have to multiply the voltage of the battery by the amp power 
rating and you'll have what's called the ‘watt hour rating’ and you can use 
that number to compare the capacity of different batteries. 


Battery Voltage x Amp Hour Rating = Watt Hour Rating 


So let's have an example; if you have a 6 volt battery and it's rated for 100 
amp hours and you have a 24 volt battery and it's rated for 25 amp hours, 
they have the same capacity because if you multiply 6 by 100(the amp hour 
rating), you'll have 600. If you multiply 24 by 25(amp hour rating), you will 
have 600 and that is the watt hour rating. 


Battery Capacity 


w> 


6 von DA volt 
100 amp hour 25 


6 (volts) x 100 (amp hours) = 600 watt hours 24 (volts) x 25 (amp hours) = 600 watt hours 


So even though these two batteries seem like one is bigger than the other 
one, the 6 volt has 100 amp hours and the 24 Volt only has 25 amp hours. 
You would think that they have a different capacity but they are exactly the 
same and how you wire them will change the voltage or the amp hours in 
your system. 


Solar Panel Series/Parallel 


Let’s do a quick example for solar panels; if you have two solar panels in 
parallel, it doesn't matter what the amp rating is all that matters is the 


voltage. 


Parallel Solar Panels 


Both panels need to be same voltage! 


In a parallel connection with solar panels, they need to be the same voltage, 
one could be producing 100 amps and the other one could be producing 1 
amp and it will not matter as they just need to have the same voltage. In the 
parallel connection with solar panels, each one is independent of the others; 
this means that if one is producing power it will still produce power even if 
all the other ones are not producing any power, they are independent in a 
parallel connection. 


Now let's have a series solar panel connection example; if you have two 
solar panels in series, they need to be the same amp rating. It doesn’t matter 
if one is 100 volts and the other one is 1 volt, they both have to produce 10 
amps each and you can Series connect them. 


Solar Panels In Series 


They need to be the same amp rating! 


Solar Panel 1: 100 volts, 10 amps 
Solar Panel 2: | volt, 10 amps 


They can safely be series connected! 


The power of both panels is dependent on both of them being in the 
sunshine. If one of them is shaded, both of them will not produce any power 
at all, so it's very different to a parallel connection. 


In a solar power system, you have to series connect your solar panels to the 
point where it's a high enough voltage so you will have minimal losses 
through the wires but you don't want a series connect because if one little 
solar panel is shaded, the whole solar panel array is producing nothing. You 
should parallel connect them in groups so that if some of them are shaded, 
you'll still be producing power. 


Let’s compare the watt load of different appliances; so let's say we have a 
100 volt appliance and it needs 10 amps, that means if you combine those 
two metrics you will have 1,000 watts. 


Appliance Watt Rating 


100 volts, 10 amps 
Volts x Amps = Watts 
100 (volts) x 10 (amps) = 1000 watts 


Let’s say that we have another appliance and it needs 100 amps but it's only 
a 10 volts, it will still require 1,000 watts. 


Appliance Watt Rating 


10 volts, 100 amps 


Volts x Amps = Watts 


10 (volts) x 100 (amps) = 1000 (watts) 


This trips a lot of people up but you need to realize that the wattage are the 
total power consumed by these appliance and it is variable on both the volts 
and the amps. 


DC Converter 


DC Converter 
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Different Voltage Goes Out 


Power goes in 


Voltage/Amps Change 


The next example has to do with converters and a converter takes one 
voltage and turns it into another voltage. This means that if you put a 
certain amount of amps through one side, a different amp rating will come 
out the other side with a converter. So let's say I have 10 amps at 24 volts 
going into the converter, what will come out at 12 volts? Since we're using 
a lower voltage, the amps will actually double. So if you have 24 volts and 
10 amps going into a converter, the output will be 20 amps at 12 volts; it's 
the same amount of power but you have different volt and amp ratings 
because it's a converter. 


DC Converter 


Small Wires for 24v input 


Bigger wires for 12v output 


This is why the 12 volt side has thicker gauge wires and the 24 volt size has 
small wires because you have different amount of amps going through each 
wire set. 


Solar Panel and Open Circuit Voltage 


Open Circuit Voltage 


When Solar Panel is not 
connected to anything, 
it will produce an 
"open circuit voltage" 


when exposed to sunshine 


The next example is solar panel and open circuit voltage; open circuit 
voltage means that the circuit is open; this means that the solar panel lids 
are not connected to anything. In the voltage, when you test the solar panel 
in full sunshine, it will be the open circuit voltage. If you take the solar 
panel lids and connect it to a charge controller, the voltage will drop 
because the power is being used and this confuses a lot of people. 


Th Open Circuit Voltage 
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Charge controller 


If you have a 12 volt solar power system and you see 20 volts on the solar 
panel, you're like why is it creating such a high voltage? This is because; if 
you connect the solar panel to a charge controller, it will drop to 15 or 16 
volts and that's the perfect voltage for a 12 volt battery because if you have 
a flooded lid-acid 12 volt battery then it needs to charge up to 15 volts. So 
this 20 volt open circuit panel works really well only when connected to a 
12 volt system. 


to charge controller 


20 volt open circuit, 


when not connected to anything 


Solar Charge Controller 


Solar Charge Controller 
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Rated in amps, at the output 


The next example has to do with solar charge controllers; the solar charge 
controllers are rated in amps at the output. 


If you have a 20 amp solar charge controller, how many amps can go in and 
out of that it? The amps going out of that controller is going to be at the 
voltage of your battery, this is why solar charge controllers have two 
ratings; one at 12 volts and one at 24 volts 


Technical Data 

40A MPPT Charge Controller Nominal System Voltage: 12V, 24V 
Rated Charge Current: 40A 

Rated Load Current: 20A 

Max PV Open Circuit Voltage: 150V / 138V 


Max PV Input Power: 520W (12v battery) / 1040W (24v battery) 
| ell 


If you're building a 48 volt system and you have a charge controller rated 
for that, it will have a separate rating for that voltage of battery. For 
example; let's think about a 20 amp solar charge controller, if we connect a 
20 amp output solar panel but it's rated at 100 volts and we are connecting 
this to a 12-volt battery, what will happen is that you will burn out that solar 
charge controller. 


Solar Charge Controller 
This will be destoryed!!! 
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20 amp charge controller 


Even though you have 20 amps going into a 20 amp controller, that 
controller needs to change the volts in the amps for that battery and it will 
drop the voltage. So if we have 100 volts coming from the solar panel but 
we have a 12 volt battery, this means that we need to drop the voltage and 
when we drop the voltage, the amp range will go sky-high. 


(similar to our converter example, the amps will increase!) 


And if our solar panel is producing 100 volts at 20 amps, this means that it's 
producing 2,000 watts 


100 (volts) x 20 (amps) = 2,000 (watts)! 


And if we take 2,000 and we divide it by 12, that means it's 166 amps that 
needs to go out of the controller and that is more than 20 amps. 


20 amps goes in = 166 amps goes out! 


So even though you have 20 amps going into the controller, 166 amps 
would have to come out and that's why the solar charge controllers are rated 
in amps at the output and not at the input because the input doesn't tell you 
the total power. Typically when you want to rate a solar charge controller, 
go on the manufacturer’s website, find the manual and figure out how many 
watts it can handle and that will give you a better idea of what that solar 
charge controller is capable of doing because if you just use the amps and 
you look at your solar panels, it might confuse you and depending on how 
you wire the solar panels, it can confuse you a lot because you could wire a 
ton of solar panels in series and you'll have a very low amp range but it will 
still burn out your solar charge controller. You need to make sure that what's 
coming out of the solar charge controller will be what the solar charge 
controller is rated for. 


Let’s say I have 1,000 watts of solar panel, what I will do is to divide it by 
12(the voltage of my battery bank) or 24(if that's your voltage) and what 
you'll get is 83 amps and this is the output. 


1000 watts of solar panels / battery voltage = amp rating of charge controller 


Even if that solar panel array is only producing 1 or 10 amps, it doesn't 
matter as you need to calculate the amps going out of the solar charge 
controller to tell you what that solar charge controller can handle. I hope 
that made sense! 


Note: solar charge controllers are rated in amps at the output not the input, 
they are also rated by voltage but you usually don't have to worry about that 
because they're rated to like 150 volts and most people run their systems for 
off-grid solar power systems at like 40 volts. 


C Rating of Batteries 


The next example is C ratings for batteries; the C rate tells you how many 
amps a battery can produce at a voltage and it also tell you how many amps 
it can charge at. So it basically tells you how much power is going into the 
battery and how much power is going out. 


Let’s say we have a 12 volt 100 amp hour battery, if it has a 1C discharge 
rate, this means that it can produce 100 amps output continuously. 


Battery C Rate Example 


1C Discharge Rate of a 100 amp hour battery= 


100 amps continous discharge 


If it has a 2C discharge rate, this means that it can produce 200 amps at 12 
volts. 


Battery C Rate Example 


2C Discharge Rate of a 100 amp hour battery= 


200 amps continous discharge 


If it has a 4c rate, it's 400 amps and so on and so forth. The number can get 
larger and larger but let's say we have a battery that has a low discharge rate 
and instead of like 100 amps for a 1 C rate, it goes the other way and it's 
only 50 amps into 100 amp hour battery, what we need is a different symbol 
and this is depicted by a C/x Rate. 


Let’s say it can only discharge 50 amps continuous; so we don't have a 
number for that, what we’ll use is C / 2 and this will tell you that if you 
take the original amp hours and you divide into two, that will give you the 
amp hour continuous discharge C rate. 


100 (amp hours of battery) / 50 (amp discharge rate) = C/2 Rate 


Let’s say we have a 100 amp hour 12 volt battery and we can only 
discharge 50 amps continuous, we will depict that by a C/2. 


Battery C Rate Example 


Lets say it can only discharge 50 amps continous 
= C/2 Rate 


Let’s say the same battery can only discharge 25 amps, we will say that's a 
C / 4 because it's one-fourth of the original amp power rating at the battery's 
voltage. 


Battery C Rate Example 


Lets say it can only discharge 25 amps continous 
= C/4 Rate 


A lot of people get confused by this; if you have a 3C rate, this means that 
you will take the amp hours and you multiply it by 3 


3C rate = Battery amp hour rating x3 


If you have a C/3 rate, you take the amp hour rating and you divide it by 3 
and it becomes smaller. 


3/C rate = Battery amp hour rating /3 


If you had a C/3 for a 100 amp hour, the answer will not be 300 amp hours, 
it will be 33 amp hours, and this can confuse a lot of people. 


The C rate tells you how much power is going in or out of a battery, so if 
you're charging or discharging a lithium battery, you need to know the C 
rate because the C rate will tell you what size charger that you can use with 
it and what size inverter to use or how much power you can take out of a 
battery when in a high discharge application and if you exceed the 
discharge or charge rate, the battery will fall apart internally. 


For an example; let's say we have a lithium polymer battery and we short 
the lids, if you short the lids, it becomes an extremely high discharge C 
rating, it's like thousands of amps instantly. Whatever those wire can pass 
through it; will pass through it with a lithium polymer battery and that C 
rating will be so high that it’ll damage the battery and it will actually puff 
up and you can't use that battery anymore. 


So the C ratings for charging and discharging are very important if you 
want your battery to last a long time. With solar power, we have a very low 
C rate because what's going in and what's going out is very small and we 
have large batteries, so this doesn't apply to solar but if you're building an 
electric car, it will apply to you a lot and you need to use the C rating to 
design your whole system. 


Faradaic Efficiency 


Faradaic Efficiency 
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How much is lost? 


Let’s look at an example of Faradaic efficiency; if you have a battery and 
you want to know how efficient it is in storing energy because there will be 
losses. Whenever you store energy in any battery, there will be a little bit of 
a loss. 


What you’ll do is; if you have 100 watt hours going into a battery and only 
99 watt hours comes out, this means that the Faradaic efficiency is 99 
percent. 


Faradaic Efficiency 


100 wh goes in f SNo er =” 99 wh goes out 


Faradaic Efficiency of 99% 


Another example is a flooded lid-acid battery; what's the Faradaic 
efficiency? 


Faradaic Efficiency 


100 wh goes in 70 wh goes out 


a 


Faradaic Efficiency of 70% 


Let’s say we put 100 watt hours into the battery but we only get 70 watt 
hours out of it, this means that the Faradaic efficiency is 70%. 


Faradaic efficiency just tells you how much went in and how much went 
out and what the percent efficiency is. 


4s Configuration 


In the next example, we're going to learn about how batteries are wired in 
parallel or series and how people write it down on paper. 


If you have four batteries and they're all wired in series, you can say that the 
battery bank is a 4s battery because you have four batteries in series. 


4s configuration 


If you have four batteries in parallel, you can say that they are a 4P battery 
bank. 


iA 


4p Configuration 
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Let’s say we have four in Series strings and they are all in parallel, this will 
mean that it's a 4s4p because you have four batteries in series and you have 
four in parallel. 


4s4p configuration 


So you have 16 batteries in total. 


Let’s look at an example of this; let's say we have 16 6volt batteries and 
each one is rated for 100 amp hours, let's say that we take four of them and 
connect them in series, this will give us 24 volts at 100 amp hours. 


each battery is 6 volts, 100 ah 


24 volts, 100 ah 7 


Let’s say we take 4 in series batteries and we parallel connect all 4 of them, 
what you will have is 24 volts which is about 400 amp hours for all 16 
batteries and you will call this a 4s4p battery bank. 


each battery is 6 volts, 100 ah 


4x 24v, 100ah in series strings in parrallel= 
24 volts, 400 ah 


When you understand the S&P ratings, you will know when a BMS can 
work for your system. BMS, cell balancers and balanced Chargers are rated 
in S. 


Battery Voltage Capacity Checker 
Balance Discharger/ Servo Tester 


This is an 8s cell balancer 


We have 6s, 8s, 9s cell balancer and so on and this means that they can 
handle 6 or 8 or whatever cells in series. 


Let’s say I have a 5s battery and I need to balance it or buy a BMS for it; I 
need to make sure that it can handle 5s, if it can handle 10s that's okay too, 
You just need a larger number than your battery. If you buy a really high 
quality BMS and it's rated for 16s, this means that you can use any battery 
bank up to 16 battery cells in series. 


Understanding these numbers for configuring battery banks makes things a 
lot simpler. If you go on eBay and you want to find some used lithium and 
polymer cells and it says that it's a 6s battery, then you should know that 
there's six cells and that you need a 6s cell balancer. 


Chapter Five: On-Grid System Design and 
Calculation 


In this section, we’ll look at how to design your own on-grid solar power 
system. Let’s get started! 
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ON-GRID SYSTEM DESIGN CALCULATIONS 


unurty 


STEPS © 
1. Load Analysis 


2. Sizing of Solar PV Panels 


3. Sizing of Inverter 


The on-grid setup is mainly composed of a solar panel array and an on-grid 
inverter. We need three steps to design an on-grid system; 


1. The load analysis 


Here, we will just compute for your daily power consumption 


2. The sizing of your solar PV panels or your solar array 


3. The sizing of your on-grid inverter 


Load Analysis 


Step 1. Load Analysis 
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$226.49 


. Total Amount Paryabie $226.49 


The goal here is to determine what your daily power consumption is; this 
step is really quite simple, just take your electric bill and check your 
monthly power consumption and just divide it by 30 days and that's it. 


For example; if we have a monthly power consumption of 170 kilowatts, 
we just need to divide it by 30 days then our daily consumption is 5.67 
kilowatt hours per day. 


Check your monthly consumption and divide it 
by 30 days to get the daily power consumption. 


For Example: 
Monthly Consumption = 170 kWh 


Daily Consumption = 170 kWh/30 days 
Daily Consumption = 5.67 kWh/day 


It’s now up to you to choose which month bill you will use, you may 
choose the month with the highest consumption or the one with the lowest 
or you can even take the average. 


For example; if you have a 12 monthly bills from January to December, you 
can average it down and divide it by 30 days then you'll have your average 
daily consumption but we should always remember that the higher the 
computed daily power consumption is, the more solar panels that we will 
need and of course we might also need a higher inverter rating. This all 
translates to a higher initial cost but eventually this will all pay you back. 


Sizing Of the Solar PV Panels 
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Step 2. Sizing of Solar PV Panels 


Daily Consumption = 5.67 kWh 
Sun Peak Hours *** = 5 hrs 


***Sun Peak Hours - Duration at which the intensity of sunlight is 1,000W/sam. Dependent on location. 


PV Power = (Daily Consumption / Sun Peak Hours) x 1.3 


Now that we have calculated how much power we consume daily, we also 
need to determine how much sun your location is getting or what we call 
sun peak hours. The sun peak hours is the duration at which the intensity of 
sunlight is 1000 watts per square meter, so the average sun peak hours is 
usually around 45 hours and that value varies as you move away from the 
equator. 


Note: There are also locations where they have longer days and some will 
have longer nights, you need to Google this yourself or you can use 4 hours 
or 5 hours if you just want to approximate. 


To compute for the required capacity of our solar panel, we should divide 
the daily consumption by the sun peak hours and multiple these by 1.3. This 
will give us; 5.67 kilowatt hours divided by 5 hours multiplied by 1.3= 
1.475w 
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Step 2. Sizing of Solar PV Panels 


Daily Consumption = 5.67 kWh 
Sun Peak Hours *** = 5 hrs 


***Sun Peak Hours - Duration at which the intensity of sunlight is 1,000W/sqm. Dependent on location. 


PV Power = (Daily Consumption / Sun Peak Hours) x 1.3 
PV Power = (5.67 kWh/5 hrs) x 1.3 
PV Power = 1.475 kW (1,475 W) 


Now we should size our solar PV array according to this result. Suppose we 
have a number of solar panels in mind and one of the panels in the image 
below has a power rating of 380watts 


Pg = 380 W 
Voc = 48.8 V 
Ise =9.94A 
Eff = 19.5% 


Let’s compute how many of this type of solar panel we’ll need to install; 


We just need to divide the PV power by the by this panel's power rating. So 
that would be 1475 watts divided by 380 watts= 3.88 we can just round it 
up to 4. 


We need just four pieces of this 380w panel. 


Sizing the Inverter 
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Step 3. Sizing the Inverter 


To size the on grid inverter, we need to take the actual power output of our 
solar PV array. 


PV Panel Pk = 380 W 
No. of PV Panels = 4 


The solar panel that we will be using has a power rating of 380 watts and 
we multiply this by the quantity which is 4, this gives us a maximum PV 
power of 1520 watts. This will be the output of our solar panel array. 
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Step 3. Sizing the Inverter 


Maximum PV Power = PV Panel Pg x No. of PV Panels 
Maximum PV Power = 380 W x 4 
Maximum PV Power = 1,520 W 


PV Panel Pp = 380 W 
No. of PV Panels = 4 


Choosing an Inverter 
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Step 3. Sizing the Inverter 


Maximum PV Power = PV Panel Px x No. of PV Panels 
Maximum PV Power = 380 W x 4 


Maximum PV Power = 1,520 W =| | 
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PV Panel Pk = 380 W 
No. of PV Panels = 4 


Choose an inverter with a Max Power (Wp) greater 
than the Maximum PV Power (1,520 W). 


Max PV Array Power (Wp) > 1,520 W Wes a ha 
Max PV Array Power (Wp) = 2,200 W pale eae IN 


We need to choose an inverter with a maximum power greater than the 
computed maximum PV power which is 1520 watts. In case we we've been 
shopping online and we found a number of on-grid inverters in the market 
and one of them is this 2200 watt on-grid inverter in the image below 


— 


We = 2,200 W 
Max Voc Input = 400 V 
Max Input Current = 10 A 


This inverter will be quite sufficient for our requirement. 


Next step is to check if the other inverter parameters such as the voltage 
input and current input are enough with respect to our solar panel. Suppose 
we will connect our solar panels in series, let's check its output voltage; so 
PVout, for a series connection the voltages are additive and this means that 
if we have four solar panels, the total voltage output of our solar PV array is 
around 195.2 volts dc 
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Step 3. Sizing the Inverter 


Make sure that the voltage and current output of your 
Solar PV Array does not exceed the voltage and current 
input of your inverter. 


PV Array Voyz(series) = Voc x No. of PV Panels 
PV Array Voyr(series) = 48.8 Voc x 4 
PV Array Voyr(series) = 195.2 Voc 
PV Array Voy;(series) (195.2 Voc) < Max Vpc Input (400 V,-) and 4 

We = 2,200 W 


Max Voc Input = 400 V 
Max Input Current = 10 A 


Pp = 380 W 
Voc = 48.8 V 
lsc =9.94 A 
Eff = 19.5% 


Looking at the right side of the image above, the maximum Vdc input of 
our inverter is 400 volts, so our inverter can handle this amount of voltage 
coming out of our solar PV array. 


Next, we'll check if the maximum input current is also enough. For a series 
connection, the current is the same and this means that for the solar panels 
connected in series with each having a short circuit current of 9.94 amps, 
the current output of the solar array will still be 9.94 amps. This is still 
lower than the maximum input current of our inverter which is 10 amps. 
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Step 3. Sizing the Inverter 


Make sure that the voltage and current output of your 
Solar PV Array does not exceed the voltage and current 
input of your inverter. 


PV Array Vouyrlseries) = Voc x No. of PV Panels 
PV Array Voy7(series) = 48.8 Voc x 4 =] 
PV Array Vourlseries) = 195.2 Voc 
PV Array Voy;(series) (195.2 Voc) < Max Vpc Input (400 Voc) wos 4 


PV Array I,-(series)(9.94 A) < Max Input Current (10A) 


We = 2,200 W 
iS) Max Voc Input = 400 V 
Max Input Current = 10A 
Pg = 380 W 
Voc = 48.8 V 
lsc = 9.94 A 
Eff = 19.5% 


In practice, you would want to put more buffers on this, with a maximum 
input current of around 11 or 12 amps and that should be fine. 


Now that we have all the things that we need, let's build our own grid solar 
power system; 


UTILITY 


SOLAR PV PANELS 
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DC ISOLATOR 


ON-GRID 
INVERTER 


DC SPD 


The on-grid system is quite simple; you have your solar PV array at the top 
left, the solar PV panels or solar array converts the solar energy to electrical 


energy. The solar array connects the inverter which converts DC electrical 
energy to AC to be used by the appliances; the load is on the extreme right 
corner. The inverter is then connected to your switchboard (the switchboard 
is at the top right corner before the load) which distributes power into the 
different appliances or load. The system is also connected to the grid which 
is your utility. 


So as we have the determined the daily consumption in step one which is 
around 5.67 kilowatts per day. In step 2, we have determined the number of 
solar panels required and that is 4 and each panel is rated at 380 watts and 
for a total power output of 1520 watts. The voltage output of each panel is 
48.8 volts and we multiply that by 4 because they are connected in series, 
so we have a total voltage output of 195.2 volts. The current flowing 
through these panels is 9.94 amps, so that will also be the input current to 
our on-grid inverter. 


UTILITY 


Array P, = 380 W x 4 = 1,520 W 


Array Voc = 48.8 V x 4 = 195.2 V 
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SOLAR PV PANELS 


ON-GRID 
INVERTER 


In step 3, we have determined the rated power of the inverter by taking the 
maximum output of our solar PV array which is 1520 watts and based on 
this, we will choose an inverter with a sufficient power rating and in the 
example, we chose 2200 watts inverter. 


UTILITY 


PV Aray Pa = 380 W x 4 = 1,520 W 
PV Aray Voc = 48.8 V x 4 = 195.2 V 
PV Aray ho = 9.94 A 
Eff = 19.5% 


SOLAR PV PANELS 
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In the next step, we shall determine the circuit breaker ratings; so for the 
DC circuit breaker in the lower left corner of the image above, we can take 
the current output of our solar array which is 9.94 amps and multiply that 
by the number of solar array strings which in this case this is just one string 
and multiply that with 1.25 for the buffer, the maximum rating of our DC 
circuit breaker should be around 12.425 amps. Since we don't have an exact 
rating for the DC breaker, we can settle with the next available value which 
is 14AT 2p DC CB circuit breaker. 


UTILITY 


PV Array Pa = 380 W x 4 = 1,520 W 
PV Aray Voc = 48.8 V x 4 = 195.2 V AC 
V Aray ho = 9.94 A 
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Max Vse Input = 400 V 
Max Input Current = 10 A 
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Next, we shall determine the AC circuit breaker at the output of our inverter 
in the lower right corner of our image. We can calculate this by taking the 
maximum power rating of our inverter which is 2,200 watts and divide that 
by the grid voltage which is 220 volt ac. With this; our minimum circuit 


breaker should be 10 amps. 


UTILITY 


PV Aray Voc = 48.8 V x 4 = 195.2 V 
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INVERTER 


ON-GRID 
INVERTER 
Ws = 2.200 W 
Max Vse Input = 400 V 
Max Input Current = 10 A 
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Consumption = 5.67 kWh/day 


If you can find a tenant circuit breaker then go ahead but for this example, 
we chose the next available rating which is the 12AT 2P AC CB circuit 
breaker. 


Exercise; I challenge you to do the same; check your electric bill and design 
your own on-grid system from that. 


Chapter Six: Electric Wiring and How to Wire 
Your Campervan 


In this section, we're going to talk about electric wiring and how to wire 
your campervan for being off-grid. 


12v LED Spotlights 


Solar Panel Array a 


Pure Sine Wave 


AGM Leisure Batteries 


Off Gril Van Wiring Diagram by Greg Virgoe Mains Battery Charger 


The above image is the wiring diagram that I've created for wiring your 
van. I'm going to break it down into small sections and we're going to build 
it up from start to finish. 


First of all, we're going to start with how we're going to generate the 
electric; if you want to be off-grid then you really need to consider 
installing solar panels. As long as you've have daylight, you're going to be 
generating some form of electricity and although you've got a small sort 
capital cost upfront, the solar system is going to pay for itself in no time at 
all. When we're traveling around Europe, we typically pay between 5 to 10 
euros for an electric hookup a day, so if you can avoid that cost, that's going 
to save you a lot of money in the long run. 


To wire your campervan, yov’ll install the solar panel on the roof of your 
van and then with the 4mm PV cable that comes with the solar panel yov’ll 
wire it to your van (see the image below) 


Solar Panel 


snitch @ 


I would recommend fitting a double DC isolator simply because all the time 
that your solar panel is in the daylight, it's going to be generating electricity 
and if you want to work on your electrics, it's always advisable to have 
some means of isolation. 


IP66 


PV ARRAY 
DC ISOLATOR 


So I fitted an isolating switch inside the garage. 


Solar Panel 


DP 
Switch G 


Now you could just have one large solar panel or you could have a number 
of smaller solar powers. Now, I've actually got three solar panels fitted on 
the top of our van, each of them are 160 watt which gives us a total of 480 
watts and I've wired them in series. 


Solar Panel Array 


4mm PV 
Cable 


switch | @ 


There’s a big debate on whether to wire them in parallel or series, I prefer to 
wire them in series because the voltage is added together. When you wire 
them in series, the volts of each panel is added together and the amp stays 
the same, so the cable size stays small and it’s how all the HV generation 
National Grid systems are run. They run at massive voltages and small 
amps so it keeps the cable sizes small. In that way as well as in low-light 
situations where each panel generating a small amount of volts when they're 
all added together it gives you enough volts charge on your batteries, it may 
be a small amount but with an MPPT charge controller, it'll take the high 
voltage, bring it down to charge voltage and increase the amps. So I 
consider this to be the best way. 


Then from the isolator in the same 4mm PV black cable to your MPPT 
charge controller, I recommend using an MPPT charge controller because 
they're far better and they find the maximum power available at any one 
time and they're far better than PWM, they're a little bit more expensive but 
you'll get the best use out of your solar panels 
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Some charge controllers like mine have a remote LCD display, you might 
want to put the charge controller somewhere more discreet and then have a 
remote display like we have in the living area of your van. 


This comes with its control cable and simply plugs into the controller with 
little RJ45 plugs. So that's the generation side of the solar panels and the 
charge controllers, we need somewhere to store that power and that's where 
we use leisure batteries. 
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Now again there's a big debate about lithium or different types of LED acid 
battery but I personally have choose a AGM's just purely from a financial 
point of view in the capital cost. 


So, we need a set of batteries to store all this power in, this can be done 
with one very large battery or it can be multiple batteries. Now to connect 
your leisure battery to your charge controller, you're going to need to use 
some thicker battery cables because the charge controller takes the high 
voltage from the solar system and transforms it down to a lower voltage but 
increases the amps. 


With cable sizing, it's the amps that determine the size of the cable; the 
more amps you try and put for a cable, the thicker the cable needs to be. 
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The little device that you see in line on the positive side is a circuit breaker, 
I like to use these for two reasons; one they act as a trip and secondly they 
act as an isolator. 


You can push the test button which breaks the switch and isolates the 
circuit; they come in varying different fuse ratings and different styles as 
well but essentially they do the same job and it's far better than using 
normal replaceable fuses because if the circuit trips, all you have to do is 
reset it, you don't need to go and buy a new fuse. 


You can have more than one leisure battery, I've got three leisure batteries 
and each of them is 110 amp hours. So how do you wire those together? 
They’re all 12 volts, so in this case you'd want to wire them in parallel. 
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So you need to connect to all of the negatives together and all of the 
positives together and if you've got more than one leisure battery, I would 
recommend that you put the positive from your charge controller onto one 
battery and then connect the negative onto the far end of that battery string. 
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So basically you're using the whole of those three batteries, you haven't got 
it connected to one battery and this way, you'll make sure that there's an 
even flow of current through all three batteries and you'll be charged evenly. 


The battery cable that you need to use is a multi-stranded flexible cable. 


We don't use solid core cable in a moving vehicle because it could break 
and then you'd lose all your power. If one of these tiny little strands breaks, 
it's only a very small part of the cable so you're not going to lose a 
connection. Flexible multi-stranded cables are better suited for moving 
vehicles, so that completes our off grid generation of power; we've got our 
solar panels for our charge controller connected to our leisure batteries so 
we can generate electricity and we can store it. 


Now you need a bit of a backup plan for those days when you're not going 
to get a lot of solar, it might be raining or it might be really overcast for a 
few days. Now in our van, we've got a MAINS battery charger 
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So in an emergency, if we haven't got any solar we can go on to a campsite, 
pay for a MAINS hookup and then charge our batteries with the battery 
charger. The MAINS battery charger comes with a three pin plug and a 
LED; T've installed a double socket in the back of the garage to plug the 
MAINS charger into and that is wired in turn to a consumer unit. A small 
domestic consumer unit with a couple of trips in it and that's just going to 
give you some protection on the MAINS shore power. 
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This is then connected to a socket on the side of the van and then with an 
extension LED, when you're parked on a campsite you'd plug in to their 


hookup power supply of our extension cable to the side of your vehicle and 
that's going to give you the mains power. 
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The cable that you'd use to connect to your hookup, to the consumer unit 
and to the socket would be a 3 core 2.5 millimeter arctic blue cable; this 
would have a live neutral and an earth in it. So that completes the 
generation side which is storing in leisure batteries and now we've got a 
backup charging facility via the MAINS battery charger. 


Let’s look at how we power all the elements in our van; as much as 
possible, all the appliances in your van really want to be 12-volt DC, so 
they'll run directly off your leisure batteries without you having to use an 
inverter. 


What you'll need is a blade fuse holder 
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This is then connected to the batteries and then from this blade fuse holder, 
you can connect all your appliances. I've used a blade fuse holder that also 
has a built-in neutral bar so that you can wire the positives and the 
negatives all to the same blade fuse holder. 
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They do come with just the positives and you may need to install a separate 
neutral bar, so what you'd need is a neutral bar where you can connect your 
battery onto one end and then all your negatives will come back and you'll 
wire them all together. 


We need to connect another fairly large cable from the batteries to the blade 
fuse holder; I would recommend a minimum of 10mm, that'll give you up to 
70 amps protection on the cable size and then also fit another breaker to 
protect that cable and to protect all those devices and in my case I've fitted a 


50 amp breaker. 
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The cable size always needs to be rated higher than your breaker or fuse 
size. Also connect the similar size cable to the neutral and then you'll notice 
that I've got all my charging on one end of the battery string and I've got my 
supply coming off of the other end of the battery string. 
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So I'm charging at one end and I'm using the electricity from the other end. 
It will just make sure that I'm using all those batteries very evenly. 


Let’s add some devices to this diagram that we're going to have installed in 
our van; we could have a 12-volt fridge, we will have some USB sockets 
for charging your tech, we want a string of lights in the van whether 
spotlights or LED strip lights, roof fan and then probably a water pump. 
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Now this is simply a case of running a positive and negative from the blade 
fuse holder to each of those appliances. In the case of a 12-volt fridge, 
you'll probably need to run a larger cable because it will have quite a high 
amps rating, so I'd recommend running a 6mm cable to your fridge and 
you'd only need to run a 1.5mm cable to your USB sockets, 1.5mm cable to 
all of your lights and you can wire them all in parallel. So connect all the 
positives and all the negatives together, so you don't have to run lots of 
cables back to your blade fuse holder. 
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If you wanted to control those light fittings with a switch, simply break that 
light and then install one of the little toggle switches. If you want a toggle 
switch with an LED light on it, you will need to run a separate neutral just 
to the switch so that the LED light comes on. But having lived in a van, my 
advice is to leave the LED light out. 


Add 1.5mm cable to your fan and 1.5mm cable to your water pump and in 
order to install the correct size blade fuses into each of those slots 
depending on the amps rating of the appliances. 
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To correctly size your blade fuses, they need to be 25% more than the 
maximum amps for the appliance. 


So take the maximum amp rating for each appliance multiplied by 1.25 and 
that will give you the rating that your fuse needs to be and then just go 
slightly higher and come to the nearest round figure. So that completes all 
the 12 volt devices but you may well have some equipment in your van that 
runs off 230 volt or a MAINS voltage, the TV in our van runs off MAINS 
voltage and also if I want to plug my laptop in, it also runs off the MAINS 
voltage. So we do need some 230 volt electric within the van and the way to 
get that is by using an inverter. 
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The inverter acts like a huge transformer, it takes the 12 volt DC from the 
batteries and it increases the voltage to 230 volts and changes it from DC to 
AG, so it gives you MAINS power. So we install an inverter and then we'll 
connect it to our battery string with another breaker. 
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In this case, the inverter can be really big; I've got a 2000 watt inverter or 
2kilowatts, so the cable that you need to install on the batteries needs to be 
really big and in my case it needs to be 35 millimeters and I've got a 200 
amp breaker on the positive side to the inverter. Because I've got 35 
millimeter cable connecting to the inverter, the inter connecting cables 
between the batteries also needs to be 35 millimeters because potentially 
I'm pulling power through that whole battery string, so those inter 
connecting cables that we install to parallel the batteries together need to be 
rated at your highest rated appliance, so they all need to be 35mm cables. 
So that completes the wiring for our off-grid van. 


I tried to keep this schematic as basic and as simple as possible, it's 
essentially everything that you need to be living off-grid; you've got solar 
generation, battery storage and a backup MAINS generation and I hope it 
helps simplify the electric wiring in your van! 


